of isooctane catalyzed by the 12.5wt% MoO3-Al2O3 catalyst has been investito isobutane and demethylation proceed on the catalyst reduced by H2. It is shown that both 2,2-dimethylpentane and 2,4-dimethylpentane are produced by demethylation. By sulfurization of the catalyst with 10%H2S-H2, the extent of cracking increases and that of demethylation decreases. It is also shown that only 2,4-dimethylpentane is produced by demethylation on the sulfided catalyst. The reaction mechanism is discussed from the view point of the selectivity for the reaction and acidic properties of the catalyst. The reactions over the 3.5wt% CoO-12.5-wt%MoO3-Al2O3 and 3.5wt%CoO-Al2O3 catalysts have also been investigated under the same conditions.
Introduction
Hydrocracking of isooctane has been investigated in some detail by use of metal catalysts1)-3), acidic catalysts4), and bifunctional metal-acidic oxide catalysts5 of the catalysts has also been made clear.
In the present study, the selectivity for hydrocracking of isooctane over the reduced and sulfided molybdena-alumina catalysts has been studied.
The composition of the products is analyzed in some detail, and the mechanism of the reaction has been discussed based on the current and previous data.
Experimental Method

Catalysts
The alumina used as the support in the present study was Ketjen high-purity alumina. The molybdena-alumina catalyst (12.5wt% MoO3) and the cobalt-alumina catalyst (3.5wt% CoO) were prepared by impregnating the alumina with a solution of ammonium paramolybdate or cobalt nitrate. The cobalt-molybdena-alumina catalyst (3.5wt% CoO, 12.5wt% MoO3) was prepared by impregnating the alumina with a solution of ammonium paramolybdate and cobalt nitrate. The impregnated materials were oven-dried and calcined in 2.2 Apparatus and Experimental Procedure The catalyst was supported inside a 14mm i.d. by 600mm long stainless steel tube. The dead space above and below the catalyst bed was packed with stainless steel beads. Hydrocarbon feed rates were measured by means of a microfeed pump (Tamaseiki Co.). The effluent gas from the reaction tube was introduced into a pressure separator and any uncondensed gas was passed through a pressure controller and discharged through a wet gas meter. A more complete description of the reactor and other equipment has been given elsewhere7).
In each experiment, a 5ml portion of catalyst (20-50 mesh) was reduced directly in the flow apparatus immediately before use with hydrogen version is 3.8mol% and the major product is isobutane with small amounts of methane, heptanes, and octane isomers. Very small amounts of propane, pentanes, and hexanes are also produced.
mol%, whereas the relative concentrations of the components do not vary much with temperature. Table 1 shows that the percentage of isobutane produced is much higher than the percentages of other products. Isobutane appears to be formed directly by cracking.
In hydrocracking of isooctane, the relation between the percentage of methane and the percentages of other products can be expressed by Eq. (1) Table. They are in fair agreement with the percentages of methane. These results suggest that hydrocracking of isooctane on the reduced MoO3-Al2O3 catalyst includes three reactions, successive demethylation, cracking, and isomerization, as shown in Fig. 1 . Table 1 shows, in addition, that very small amounts of ethane and propane are also produced. These products seem to be formed by successive demethylation of the isobutane directly produced by cracking.
The reactions over the CoO-MoO3-Al2O3 and CoO-Al2O3 catalysts have also been investigated and the results are presented in Table 1 . The total conversion and distribution of products are significantly different from those on the MoO3 Al2O3 catalyst. The percentages of methane and heptanes in products on the CoO-MoO3-Al2O3 and CoO-Al2O3 catalysts are much higher than those on the MoO3-Al2O3 catalyst.
The sum value of the right hand side of Eq. (1) on the CoO-MoO3-Al2O3 catalyst is almost equivalent to the value of methane. The reaction scheme shown in Fig. 1 seems to be also applicable to the reaction on the CoO-MoO3-Al2O3 catalyst. However, with the CoO-Al2O3 catalyst the value of the right hand side of Eq. (1) is rather lower than that of methane which suggest that extensive demethylation may have occurred on the catalyst.
Composition
of Product Isomers Composition of pentane, hexane, heptane, and octane isomers in the product are shown in Table 2 . Compositions of these isomers on the MoO3-Al2O3 catalyst differ widely from those on the CoOMoO3-Al2O3 and CoO-Al2O3 catalysts. The main 
The Effect of Sulfiding of the Catalysts on Product Distribution
The total conversion and the product distribution over the sulfided MoO3-Al2O3 catalyst are presented in Table  3 . In comparison with the data in Table  1 , it is evident that the total conversion is not affected but the percentage of isobutane produced increases and that of methane decreases on sulfiding.
Compositions of heptane and octane isomers in the product are shown in Table 4 . It is shown that compositions of heptanes are quite different from those on the reduced MoO3-Al2O3 catalyst. Both 2,2-and 2,4-dimethylpentane are produced on the reduced catalyst, but 2,4-dimethylpentane is formed selectively on the sulfided catalyst. The composition of the octane isomers on the sulfided catalyst is analogous to that on the reduced catalyst, 2,3,4-trimethylpentane being the major component.
The total conversion and product distribution over the sulfided CoO-MoO3Al2O3 and CoOAl2O3 catalysts are also presented in Table 3 and compositions of the heptane and octane isomers in the products are given in Table 4 . It is shown that the total conversion over these catalysts decreases significantly on sulfidation. On the sulfided CoO-Al2O3 catalyst, 2,2-dimethylpentane is the main component of heptane isomers. 4 . Discussion
As shown in Fig. 1 , the hydrocracking of isooctane under consideration consists of three reactions, demethylation, cracking, and isomerization.
The isooctane molecule has a linkage of quaternary-secondary-tertiary carbon atoms and the methyl groups are bonded to both the quaternary and tertiary carbon atoms. Isobutane is produced by cleavage of the quaternary-secondary carbon bond. This reaction is usually described as a carbonium ion mechanism4). It is said that carbonium ion formation is easiest at a tertiary carbon atom. Cracking of isooctane to isobutane seems to proceed as follows: isooctane is dehydrogenated to isooctene, followed by the proton addition to the double bond to form either a tertiary carbonium ion (A) or a secondary carbonium ion (B), the former (A) being formed more readily carbonium ion atom (A) is cracked to form isobutene and a tertiarybutyl carbonium ion. Zidec et al.5) have studied hydrocracking of isooctane over nickel-silica-alumina catalysts and revealed that isobutane is formed on the acid sites and demethylation takes place on the nickel sites. The surface acidity of the molybdenaalumina and cobalt-molybdena-alumina catalysts has been studied previously by us and both Bronsted and Lewis acid sites are assumed to be present on the surface of the reduced and sul- 
